Much has been learned about the hippocampal/entorhinal system, but an overview of how its parts work in an integrated way is lacking. One question regards the function of entorhinal grid cells. We propose here that their fundamental function is to provide a coordinate system for producing mind-travel in the hippocampus, a process that accesses associations with upcoming positions. We further propose that mind-travel occurs during the second half of each theta cycle. By contrast, the first half of each theta cycle is devoted to computing current position using sensory information from the lateral entorhinal cortex (LEC) and path integration information from the medial entorhinal cortex (MEC). This model explains why MEC lesions can abolish hippocampal phase precession but not place fields.
Much has been learned about the hippocampal/entorhinal system, but an overview of how its parts work in an integrated way is lacking. One question regards the function of entorhinal grid cells. We propose here that their fundamental function is to provide a coordinate system for producing mind-travel in the hippocampus, a process that accesses associations with upcoming positions. We further propose that mind-travel occurs during the second half of each theta cycle. By contrast, the first half of each theta cycle is devoted to computing current position using sensory information from the lateral entorhinal cortex (LEC) and path integration information from the medial entorhinal cortex (MEC). This model explains why MEC lesions can abolish hippocampal phase precession but not place fields.
Much has been learned about the cell types in the hippocampal region that underlie the sense of place, culminating in the 2014 Nobel Prize. The first cell type discovered was the place cells of the hippocampus [1] . These fire when an animal is in a particular location of a given environment ( Figure 1A ). More recently, investigation of the medial entorhinal cortex (MEC), a cortical region that provides input to the hippocampus, led to the discovery of cells with various response properties. Of these, the best known are grid cells. These fire when the animal is in any of multiple locations that form a triangular grid [2] ( Figure 1B ). Other cell types include conjunctive grid cells (these fire only when the animal is on a vertex of the grid and when the animal moves in a particular direction) [3] , head-direction cells [4] [5] [6] , speed cells [7] , and boundary vector cells [8] ( Figure 1C ). The lateral entorhinal cortex (LEC) also provides input to the hippocampus and contains cells that carry sensory information about the current position [9] . These cell types are pieces of the puzzle, but a framework for understanding how these cell types work together to produce the sense of place and access memory information is still needed.
A core question is the function of grid cells. It had generally been assumed that grid cells are an obligatory precursor of place cells [10] [11] [12] [13] . However, such models have been called into question by results showing that place cells exist after elimination of grid cells [14] [15] [16] [17] [18] . Recent reviews have suggested why place cells do not require grid cells; namely, place cells also receive sensory information about position from the LEC, information that is sufficient to define the place field [19, 20] . This leaves unresolved the question of what the special role of grid cells might be and, more generally, how the identified pieces of the puzzle fit into a functional framework. Before suggesting such a framework, we first review what is known about path integration and theta sequences (phase precession; see Glossary), two phenomena central to the framework that we will develop.
Trends
Previous models of place cell generation by summing of grid cell inputs have been called into question by recent results.
The phase precession of place cells depends on the MEC and thus probably grid cells.
Phase precession is an expression of theta sequences, in which place cells fire in order during a single theta cycle.
The theta cycle can be broken into two parts: during the first half of the theta cycle, current position is represented; during the second half of the theta cycle, the system performs mind-travel to upcoming locations.
Mind-travel during the second half of theta is hypothesized to be driven by grid cells given their universal representation of spatial adjacency.
